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Abstract

Low voltage operation in VISHleads to slower cireunits which can result ina Tower systew through:
put. However, the throughput of o VISI chip is determined by the speed of its critical path(s) and
the gates that are not in the critical path(s) can be slowed down without aflecting the overall chip
thoughput, This paper vestigates the design of VESE chips with two voltage levels 1o ensure lower
power without sacrificing the overall chip thronghput.

Sl11“1 mary

The thrust towards less power-hungry VESEchips is motivated by the duad considerations o [ prolonging,
bat tery operation and cooling, future 31 VLSE systems, One of the ways of achieving, lower power in
VISEis 1( 1 reduce the operating volt age forthe chip since the power cotisumed is proportional 1( 1 the
square of the operating, voltage. Thus, 3.3V oparation instead of 5V operation results in H6% reduction
in the power consumiption of a chip. However, low voltage operation also ex acts a pen alty i the speed
of the civeuits whieh results i lower chip throughput. The overall chip thro ug hipuot is determined by the
speed of the eritical pa tl 1W(s) I the chip. The gates that are notC i the eritic al path(s) can be operated
i 11 the lower voltage while the gates inthe ¢ ritical path (8) are operated at the higher voltape, This
technique of mised volt age design results i chips {hat consune significantly fess Powenwithout aflecting,
the overall chip 1 hronghput. We present some ol the issucs involved inmixed voltage design that we have

considered for three VI SEehips that were designed at JPL for various flight projects. We present di i v on

the designs of these chips and show the power savings that can resull from a mixed volt age desig i, The
desipns of the chips howve a bimodal distribution of path lengths with the majority (117 {he path s cap able
ol slower operation. However, some sections of the shorter paths interscet with the longer paths and
hence some eritical sections of the shorter paths may need 1O be operated at the higher voltage to cnsure
that the speed of the longer eritical path(s) is not compromised. The interface hetween the gates which
operate at different voltages is an important issue which needs close attention hecause of the possibility off
increased static cur rents at the interface. We show how the interlace botween the twao voltage low rels can

bhe accomplished by transistor sizing. Spice simulations show that transistor sizing a Hows the interface {o
be accomplished without ary significant static current dissipation. We then present a greedy algorithm
for determining the gates which can be operated at the lower volt age. The input to the atporithm s
an ad jac eney list re presentation of the chip whichis extracted frorn the desig nnethist. The algorithinis

fastand pro duces results that are close to optimal. 'inally, we present results on the performance of the
algorithn for the three chip designs,



